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INSTRUCTIONS: 4
Answer question ONE and any other TWb (2) questions. Question ONE earries 30
marlks while each of the others carries 20 marks,

Some constants which yon m ay find uselul

Magnitude of the charge of an electron, ¢ 6% 10°C
Acceleration due to gravity, g 9.81 ms*
R g
Value of k = 4z, Ox 10" mF
3l
Mass of an electron, m, 911 % 107 kg

1. {a) State Coulomb’s law. What will be the line of action of the force on a charge placed

on the perpendicular bisector of the line joining two equal and like charges? Explain

VOUT ROSWET. (5 marks)

(b) Find the magnitude and direction of the electric field which can balance the weight

of an electron. (3 marks)

() According to the Bohr model of the hydrogen atom, it consists of a proton circled
by an electron whose orbit has aradius of 5.3 x 107" . Show that the magnitude

of the electric potential energy in this model of the hydrogen atom is twice the
electron’s kinglic energy. L& - | (3 marks)
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(d)(1) In the following combination find the equivalent capacitance assuming that
Cl=1uF, C2 = 2yF, C3 = 3uF and V=30 Volts. (2 marks)

_— - {5

L o

(if) Find the magnitude of the charge on the plates of each capacitor. (3 marks)

(2) The material of an electric wire (length 1.1m, cross sectional area = 3.1 x [0°© mlj
has a resistivity of pp=6.8x 10° Qmat To=320C and a temperature coefficient
of resistivity @ = 2.0 x 107/ °C. Determine the resistance of the wire at a
temperature of 420 C. (5 marks)

(f) A battery has an emf of 15 V. The terminal voltage of the battery is 12 V when it is
delivering 15 W of power to an external load resistance R. Find R and the P

resistance of the battery. (3 marks)

2. (a) Three charges q; = +3 nC, 2 =+4 nC and g3 = -5 nC, are located as shown in the
figure below.



5em
[
qQz | o
4 cm
Find the magnitude and direction of the net force on q. (B marks)

{b} A thin non-conducting rod of finite length I candes a total charge O spread
urformly along it and is characterized by a linear charge density A = % Find

electric field E at a point P on the perpendicular bisector of the rod at a distance y
from the rod. (6 marks)

() An electric dipole consists of two paint charges, + 10 nC and - 10 nC placed 4 cm

apart. Compute the potentials at
{i} & point on the perpendicular bisector of the line joining the two charges,

{3 marks)
(i) & point along the axis of the dipole and 4 em from the centre of the dipole towards
the positive charge. (3 marks)

3. (a) A capacitor C; = 2uF is charged to a poteatial difference of 100 V, Charging
hattery is then removed and the capacitor is connected, as shown in the figure,
to an uncharged capacitor Cz = 4uF.
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(i) What is the potential difference across the combination? (5 marks)
(i) What is the stored energy before and afler the two capacitors are connected
together? Comment on the difference. {3 marks)

() Apply KirchhofP's laws to find the curtent passing through the resistor R, in the
eircuit given below, [t is given that Ry = 1.20 €2, Ry =0.01 £, R; = 0.10 £,
Ey=12.0 V and &2 = 14.0 V.

¥
£
I
B3 |
] &
I
Rs | |
(6 marks)
(€) A 250 W eleciric heater is desipned to operate from 120 V lines.
(1) What is its resislance? (2 marks)
(1 mask)

(ii) What current does it draw?
(iii) I the line voltage drops to 100V, what power does the heater take? (1 mark)

4. (a) A galvanometer gives [ull scale deflection for o current o£0.02 A and has a

resistance of 50 £
(i) How can it be converted into o 4A apmmeter? (4 marks)
(ii) How cun it be converted into a 5V voltmeter? (4 niirks)
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(b) Anemfof 1.5 V of a battery is balanced by 30 em length of a potentiometer wire.

What is the potential gradient in the wirc? (2 marks)

(¢} An electron is moving ina eireular orbil of tadius 0. 1m in a plane et right angles to

a unitorm magnetic feld of 1.0 x 107 T, Wit is the speed of the electron?

(5 marks)

(d) A charged capacitor is heing discharged through a resistor, Near this circuit of the
dischureing capacitor and resister, a coil with a galvanomeler connected 1o it is
placed such that the magnetic ficld associated with the current in the circuit of the
discharging capacitor passes through it. At what instant of the discharging ol the
capacitor (from the starl of the discharging (1 = 0) to the time wlhen the capacilor is

fully discharged), will the deflection in the galvanometer bo maximum? Explain

YOUr UASWET, (5 marks)

5.{a)(i) State Faraday's law of clectromagnetic induction. (2 marks)
(i) A 12 tumn coil 10 em in dinmeter has its axis parallel to & mapnetic field of 0.5 T
which is produced by a nearby electromagnel. The current in the electromagnet is
cut off, and as the field collapses an average emf of 8V is induced in the coil.
What was the length of time required for the field to disappear? (4 marks)
by A battery of emf § and negligible internal resistance is switched on in @ circuit
containing an inductance L and a resistance R. When the cquilibrium current is
established, the batlery is suddenly removed and the inductance and the resistance
o eopmeeted topether. The current in the LR cireuit starts decaying, Duerive an
wxpression for the deeny of the curreot with time in the eiresit, lenee detine th
virae constant amd expluin i physical sigoiflicanee, (8 ek
foy iy et circuil containing 3 4,0 11 fduetmnee md o VL0 L esistnmes i conmected

ta i 14V buattery al neplipgihle bl resastimee, When the cipribibrium eureent is
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established, the battery

is suddenly removed and the inductance and the resistance
are connected together,

The current in the LR cireuit starts decaying, Find

(1) The mitial rate of decay of of the current in the cireuit (2 mark)
(1i) The rate of decay of current at the instant when the current s1.0A, (2 miarks)
(iif) The current lsecand after the decay started, (2 marks)
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